Aspergillus fumigatus causes more than 300,000 life-threatening infections annually and is widespread across 9 varied environments with a single colony producing thousands of conidia, genetically-identical dormant spores. 10 Conidia are easily wind-dispersed to new environments where they can germinate and, if inhaled by susceptible 11 hosts, cause disease. Using high-throughput, single-cell analysis we show that germination phenotypes vary 12 among genetically-identical individuals and that the environment of spore production determines the degree of 13 germination heterogeneity.
stresses during sporulation might lead to better germination in the same or related conditions. To test this 23 hypothesis, we performed single-cell analysis experiments in which A. fumigatus was sporulated under nine 24 environmentally-and medically-relevant conditions 9-12 and the resulting conidia were transferred to all nine 25 conditions for germination (Table 1 ). To avoid induction or selection of mutations during sporulation, we did not 26 use serial passaging; rather, identical aliquots of inoculum were incubated for 72 h on nine types of solid medium 27 for production of conidia and identical aliquots of conidia from each condition were transferred directly to nine 28 types of liquid medium for germination ( Supplementary Fig. 1 ). After 6 h incubation we used flow cytometry to detect any increase in cell size, a clear indication that germination 34 has been initiated. The entire 9 by 9 sporulation/germination swap experiment was repeated four times. We 35 2 recorded forward scatter for approximately 20,000 conidia and germlings for each condition in each replicate. For 36 each condition, data from all replicates were concatenated and analyzed as a single population ( Fig. 1 , Table 2 ). comparing the difference in the mean ranks between each sporulation condition and matching sporulation and germination
In addition to the expected contribution of germination conditions, the rate at which conidia broke dormancy and 75 grew varied depending on sporulation environment. The sporulation environments that favored rapid dormancy 76 breaking and growth were not the same as the germination conditions that favored it. As discussed above, 0.5M 77 NaCl during germination resulted in reduced dormancy breaking and growth. In contrast, osmotic stress imposed 78 by 0.5M NaCl during sporulation resulted in conidia that broke dormancy and grew more quickly across 79 germination conditions. In addition to NaCl medium, sporulation on MM or +Fe medium generally improved cells and that most of the conidia that did not enlarge during germination were not dead ( Supplementary Table 3 ).
101
To better understand the range of individual variation within genetically-identical clonal populations of conidia, 102 we compared the robust coefficient of variation (rCV, the normalized standard deviation of the median) for 103 forward scatter of each sporulation/germination pair (Table 2 and Supplementary Table 2 ). Conidia that were 104 produced on NaCl, +Fe, 50ºC, and MM sporulation media showed lower rCV values and narrower forward scatter 105 peaks across germination conditions, indicating less variation among individuals in those populations. Conidia 106 from -Zn, -Fe, CM, +Cu, and H2O2 sporulation medium showed higher rCV values and wider forward scatter 107 peaks across germination conditions, indicating more variation among individuals in those populations ( Fig. 1,   108 Supplementary Table 2 ). Taken together with median forward scatter values this shows that conidia that 109 germinate faster tend to germinate more synchronously. Indeed, there was a negative correlation between median 110 growth and variation in growth across most conditions ( Table 2 ). The correlation between sporulation medium 111 and variation was much stronger than the correlation between germination medium and variation (Supplementary   112   Table 1 , Supplementary Table 2 ) consistent with the idea that the environment of sporulation drives germination 113 variation.
115
Our results show for the first time that the environment of spore production impacts the germination of A. 116 fumigatus conidia and that genetically-identical conidia within a population vary in the rate of breaking dormancy 117 and growth. That genetically-identical individuals show phenotypic variation that is increased by environmental 118 stress suggests A. fumigatus might employ a bet-hedging strategy to ensure survival of progeny in varied hostile 119 environments, including the lungs of susceptible human hosts. Previous work showed that the surface layer of 120 dormant A. fumigatus conidia mask recognition by the host immune system. It is only when dormancy is broken 121 and germination occurs that this surface layer is breached and host defenses are activated 17 . Other studies in 122 immunosuppressed mice showed that an A. fumigatus isolate with slower germination survived in macrophages 123 and was more virulent than an isolate with faster germination 18, 19 . A bet-hedging strategy built on variation in 124 germination rate could allow slow germinators within a population of A. fumigatus conidia to avoid the host immune system and initiate infection. It seems likely that this bet-hedging strategy would also be used by the 126 many other fungal pathogens that produce large quantities of wind-dispersed spores. a Conidia were produced on sporulation media, harvested and introduced to germination media for 6 h incubation exactly as described for Figure 1 . Unfixed conidia and germlings were co-stained with fluorescein diacetate (FDA) and propidium iodine experiments were performed in duplicate. Aspergillus fumigatus CEA10 was cultivated on 1.5% agar solid complete media (CM) or minimal media (MM) 216 as previously described 20 with modifications as described in Table 1 . For conidial stock preparation, conidia were 217 produced on complete media, harvested in sterile water, and 1x10 6 conidia in 500 µl of ddH2O was plated in a 218 homogenous layer on 25ml of solid 1% glucose Aspergillus minimal media with modifications described in Germination assay 225 Conidia from 3 plates were pooled and identical aliquots of 3-5 x 10 5 C/ml were added to liquid germination 226 conditions described in Table 1 
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